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Description 

[0001] This Application is a Continuation-in-Part of 
Application Serial No. 146,856, filed January 22, 1988. 

BACKGROUND 

Field of the Invention 

[0002] The invention relates to an apparatus and 
method for in vivo ultrasonic angioplasty. The apparatus 
of the invention may also be employed in an ultrasonic 
imaging system wherein it is used to generate acousti- 
cal contrast medium in situ. 

Related Art 

[0003] Arterial occlusions formed by thrombi and/or 
plaque deposits pose a serious threat to health. Theme 
deposits can result in a decrease or total blockage of 
circulation and lead to such conditions as peripheral 
vascular disease, angina pectoris and heart attack. 
[0004] There are various known surgical tech- 
niques which may be employed to eliminate such occlu- 
sions, including replacement of the affected section of 
artery. Much work has been done toward development 
of non-surgical techniques in order to reduce the con- 
comitant risk and trauma to the patient. 
[0005] For example, one of the first non-surgical 
techniques developed was the balloon catheter which 
can be advanced into the circulation to dilate narrowed 
arteries. Such balloon catheters are well adapted for 
percutaneous insertion into the patient. This treatment 
method is generally referred to as "percutaneous trans- 
luminal angioplasty". 

[0006] However, the unpredictable problems of 
abrupt closure and late restenosis of the dilated seg- 
ment continue to compromise the overall results 
obtained with percutaneous transluminal angioplasty. 
High restenosis rates after coronary angioplasty of 
approximately 33%, and in multivessel angioplasty of 
approximately 68%, diminish the overall value of this 
technique even when one considers the low morbidity 
associated with the procedure. In addition, morphologi- 
cal studies indicate that the clinical improvement result- 
ing from percutaneous transluminal angioplasty is 
accompanied by only a small increase in the diameter of 
the occluded artery. The mechanism of successful angi- 
oplasty involves internal disruption in fracturing of the 
atheroschlerotic plaque with splits extending to the 
media and through it. Both splits and fractured plaques 
resulting from the angioplasty were later found to have 
been repaired by clots formed thereon. The relatively 
small channel reopened by percutaneous transluminal 
angioplasty combined with the injury caused to the arte- 
rial wall may account for the high re-occlusion rate. The 
high rates of early and late re-occlusion after peripheral 
and coronary angioplasty thus appear to be independ- 



ent of the operator's skill and the quality of equipment 
but, rather, inherent in the procedure itself. There is 
accordingly great interest in either improving or finding 
alternatives to balloon- based systems and procedures. 

5 [0007] The alternative to balloon angioplasty which 
has been most intensively researched to date - the 
laser-based angioplasty systems ~ offer the apparent 
ability to open a cleaner, wider channel by evaporation 
of plaque and thrombi. Laser excision of pathological 

w tissue is, however, limited by the operator's ability to 
precisely control the depth of ablation and limit thermal 
injury to the target tissue. To date, the use of lasers in 
this manner has remained largely experimental, with the 
high rate of arterial perforation being the major practical 

15 limitation. 

[0008] The concept of using acoustic energy for 
vascular intervention has been known for over twenty 
years. Early researchers noted that ultrasound could 
destroy atheroschlerotic plaque and thrombi while leav- 

20 ing the underlying healthy vascular tissue undamaged. 
Experience with ultrasonic scalpel surgery has demon- 
strated that healthy vascular tissue is particularly resist- 
ant to ultrasonic energy. Recently, attention has once 
again been focused on the potential of ultrasound in 

25 vascular intervention. However, two problems have 
heretofore hindered the development of practical ultra- 
sound systems for percutaneous insertion. First, since 
the ultrasound generator must be located outside of the 
body, it is often necessary to transmit the ultrasonic 

30 acoustic energy over a relatively long distance of 25 to 
50 centimeters or more in order to pinpoint this energy 
at the site of the arterial occlusion. Attenuation of the 
acoustic energy along the length of the transmission 
member thus results in a loss of efficiency for the sys- 

35 tern, reducing the energy that reaches the internal arte- 
rial site. This requires the delivery of greater amounts of 
acoustical energy by the ultrasonic generator which rap- 
idly increases fatigue of the transmission member. 
[0009] A second problem is that this attenuation of 

40 acoustical energy is manifested as heat. Thus, the 
transmission member ~ which is primarily disposed 
within the circulatory system of the patient during treat- 
ment - can heat up rapidly during operation. Such heat- 
ing can have serious adverse effects on the patient - a 

45 rise in the temperature of the transmission member of 
as little as 10°C, or less, can have serious deleterious 
effects. This limitation severely restricts the duration of 
time during which acoustical energy can be applied and 
also limits the amount of power which can safely be 

50 applied to the transmission member by the ultrasound 
generator. 

[0010] Still another problem inherent in the use of 
any percutaneous technique is the ability to accurately 
position the tool, whether it be a balloon, a laser or an 
55 ultrasound transmission member, at the site of the 
occlusion. 

[0011] U.S. patent No. 3,352,303 of Delaney 
teaches a method for blood clot lysis using a probe- 
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catheter apparatus which generates vibrational wave 
energy at its tip. According to this patent, blood clots 
may be lysed by direct application of acoustical energy 
for short periods of time. However, a disadvantage of 
this method is that the time duration of application must 
be so short that the heating effects normally associated 
with the application of concentrated wave energy to the 
human body do not present a significant problem. Time 
durations of from 0.5 to 5 seconds are described. The 
probe or transmission member is constructed of either 
stainless steel or monel metal. 
[0012] The apparatus according to U.S. patent No. 
3,352,303 may also include optional means for introduc- 
ing a radiopaque fluid via the catheter to locate the site 
of the thrombis and to position the catheter in relation 
thereto. Additionally, this apparatus may incorporate a 
further optional cooling fluid in the catheter for cooling 
the probe and, according to the patent disclosure, 
reducing losses in acoustical energy along the length of 
the probe. 

[001 3] U.S. patent No. 3,565,062 of Kuris describes 
an ultrasonic system for removing accumulations of 
cholesterol- bearing and other deposits from the circula- 
tory system. In this patented system, ultrasonic energy 
is transmitted via a catheterized ultrasound transmis- 
sion member to the site of the deposit. No specific mate- 
rials of construction are disclosed for the transmission 
member. However, it is noted by the patentee that the 
transmission member will have a series of nodes or 
antinodes resulting during ultrasonic vibration. For pro- 
longed periods of use, substantial heat is generated at 
the antinodes -so much that a red glow is visible at 
spaced apart locations. The patentee equates this beat- 
ing with the loss in acoustical efficiency. 
[0014] One way of overcoming such noticeable 
heating, according to the Kuris patent, is to continuously 
vary the ultrasonic frequency to shift the position of the 
nodes and antinodes. This procedure, however, does 
not overcome the problem of acoustical energy loss in 
the transmission member but, rather, merely serves to 
prevent the occurrence of localized overheating by 
spreading out the heat losses over the length of the 
member. 

SUMMARY OF THE INVENTION 

[0015] According to the present invention, an ultra- 
sonic system or device for angioplasty includes an ultra- 
sonic power generator, a high efficiency ultrasonic 
transmission wire or member comprising a wire and, 
optionally, a catheter for housing the transmission mem- 
ber. 

[0016] The high efficiency ultrasonic transmission 
wire according to the invention must have a high 
mechanical quality factor Q, measured at half fatigue 
stress and at 20 KHz, so as to provide relatively little 
attenuation or dampening during ultrasound transmis- 
sion. Preferably, the Q should be greater than 50,000, 



and most preferably greater than 100,000. The trans- 
mission wire according to the invention is preferably 
constructed of aluminum or aluminum-based alloys 
which are utilized in their annealed or stress-relieved 
5 state to increase transmission efficiency. Particularly 
preferred aluminum based alloys are AL-7075, AL-2024 
and AL-6061. 

[001 7] Preferably, the transmission wire has a diam- 
eter of between 0.8 to 1.6 millimeters. It is also prefera- 

10 ble that the proximal end of the transmission wire be 
flared to form an acoustic concentrator for attachment to 
the ultrasonic power generator. Preferably, the maxi- 
mum outside diameter of the flared end should be one- 
half inch. Additionally, in order to be utilized in a percu- 

15 taneous insertion technique, the transmission member 
should preferably have sufficient flexibility to be passed 
through the patient's circulatory system and should be 
long enough to reach the site of the occlusion, prefera- 
bly (but not exclusively) in the range of at least 1 2.5 cen- 

20 timeters to 125 centimeters. 

[0018] The ultrasonic power generator should pref- 
erably have a frequency of operation between 10 kilo- 
hertz and 100 kiiohertz, most preferably 20 kilohertz. 
Preferably, the ultrasonic power generator has a varia- 

25 ble duty cycle to facilitate generation of pulsed ultra- 
sound. Also, according to the preferred embodiment, 
the ultrasonic power generator is capable of delivering 
at least 5 to 1 5 watts in output power. 
[0019] In a preferred embodiment, the high effi- 

30 ciency ultrasonic transmission member and catheter, 
together, are adapted for percutaneous insertion into a 
patient. For use in a percutaneous insertion technique, 
the catheter is preferably constructed to have relatively 
little resistance to passage through the circulatory sys- 

35 tern of the patient and is compatible with blood. Prefera- 
bly, the catheter is constructed of polyethylene or 
polyurethane, most preferably polytetraflouroethylene 
(Teflon). 

[0020] In particular, the invention provides long flex- 

40 ible ultrasonic transmission members for the highly effi- 
cient transmission of high power ultrasonic energy. 
[0021] The present invention also provides a 
method for ultrasonic angioplasty which comprises 
introducing an ultrasonic transmission member as 

45 described above into the circulatory system of the 
patient via a surgical or, preferably, a non-surgical per- 
cutaneous insertion technique; maneuvering the tip of 
the transmission member to a point at or near the site of 
the occlusion to be treated; and applying ultrasonic 

so energy, preferably pulsed ultrasound, thereto, at an 
intensity and for a duration sufficient to substantially 
break up the occlusion and recanalize the patient's 
artery to restore good blood flow therethrough. 
[0022] In like manner, the ultrasonic apparatus 

55 according to the invention can be used for the removal 
of other obstructions, such as urinary tract obstructions 
and malignant tissue ablations in cavities such as the 
bladder, as well as for lysis of pulmonary emboli. 
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[0023] In an especially preferred method according 
to the invention, the ultrasonic transmission member is 
used to generate ultrasound contrast medium in situ. 
During transmission of ultrasound energy, ultrasonic 
vibrations at the tip of the ultrasound transmission mem- 5 
ber generate microbubbles in the patient's bloodstream. 
These microbubbles are visualized by a conventional 
ultrasound echo imaging system using contrast imaging 
wherein the microbubbles appear as a contrast 
medium. The ultrasound echo imaging in accordance w 
with the invention is used to monitor the position of the 
tip of the ultrasound transmission member, to observe 
the progress of occlusion breakup, and/or to confirm the 
return of good blood flow past the site of the treated 
occlusion following treatment. 15 
[0024] Further features and advantages of the 
present invention will be more fully appreciated by refer- 
ence to the following detailed description of presently 
preferred, but nonetheless illustrative, embodiments in 
accordance with the invention when taken in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] In the drawings, wherein like reference 
numerals identify similar elements through the several 
views: 

FIG. 1 is an elevated side view of an ultrasound 
apparatus in accordance with the present invention; 
FIG. 2 is an elevated side view of a unitary microtip 
and wire transmission member lathed from a single 
bar; 

FIG. 3 is an elevated side view of a joint connecting 
a microtip and wire transmission member; and 
FIG. 4 is an elevated side view of an ultrasound 
apparatus according to the invention which is 
adapted for percutaneous insertion of at least a 
portion of the transmission member into a patient. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0026] FIG. 1 depicts an ultrasound apparatus con- 
structed in accordance with the present invention. From 
left to right are shown an ultrasonic power generator 
100 including a frequency generator 110, a piezoelec- 
tric transducer converter 120 and a horn 130. The 
power generator 100, and/or parts thereof, may be con- 
ventional. Additionally, an ultrasonic transmission mem- 
ber 200 removably attached to generator 1 00 includes a 
microtip 210, a wire 220 and a distal end or tip 230. 
[0027] The ultrasonic power generator 100 should 
preferably have an operating frequency between 
approximately 10 kiiohertz to 100 kilohertz, and most 
preferably 20 kilohertz. However, operating frequencies 
outside of this range may also be employed in accord- 
ance with the invention. 



[0028] Additionally, the ultrasonic power generator 
1 00 preferably has a variable duty cycle to facilitate gen- 
eration of pulsed ultrasound. In accordance with a pre- 
ferred embodiment of the invention, the generator 110 
should be capable of delivering at least 5 to 15 watts in 
output power. 

[0029] A suitable ultrasound power generator for 
use in accordance with the invention is a Branson Soni- 
fier Model B250 which operates at approximately 20 kil- 
ohertz for pulsed or continuous ultrasound. 
[0030] Regarding the ultrasonic transmission mem- 
ber 200, the key parameter is the ultrasonic attenuation 
coefficient (also known as the ultrasonic damping or 
dampening factor) of the material from which it is con- 
structed. The material must have a low coefficient to be 
useful in accordance with the present invention. The 
requirement that the transmission member 200 have a 
low attenuation coefficient can alternatively be 
expressed as a requirement for a high mechanical Q 
(quality factor). 

[0031] In accordance with the invention, the trans- 
mission member is constructed of a metallic material. In 
selecting the metal of the ultrasonic transmission mem- 
ber or wire, it should be understood that all metals con- 
vert some of their vibrational energy into heat, resulting 
in an exponential attenuation of the ultrasound and 
heating of the wire. The longer the wire, the greater the 
loss and, consequently, the amount of heat generated. 
At lengths of 50 cm, the losses in most metal wires are 
sufficiently large that the wire will heat to the boiling 
point of water, and only a small fraction of the input 
mechanical energy is transmitted. This is clearly unac- 
ceptable. 

[0032] The problem, then, is to find the right metal. 
Neppiras investigated the Q's of various metals, as part 
of a general research program having nothing to do with 
angioplasty. E. A. Neppiras, "Very High Energy Ultra- 
sonics", British Journal of Applied Physics, Vol. II, April 
1960, pp. 143-150. It has been found that the higher a 
metal's Q, the less energy is lost to heat when it vibrates 
and the lower the ultrasonic attenuation per unit length. 
The published results of Neppiras' investigation are as 
follows: 



TABLE I 



Material 


Mechanical Q 


tool steel 


1,400 


naval brass 


3,000 


K-Monel 


5,300 


aluminum bronze 


17,000 


titanium 


24,000 


duralumin 


>50,000 


hiduminium 


>1 00,000 



25 



30 



35 



40 



45 



50 
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[0033] The mechanical Q of a particular metal var- 
ies with strain, frequency, temperature, and other fac- 
tors. In Neppiras' method, Q is measured at F/2 and 20 
KHz, where F equals the fatigue stress of the metal in 
dynes/cm 2 x 1 0 9 . The value of Q is deduced from calor- 5 
imetric measurement of energy dissipation. . 
[0034] It has been found by the inventors that the 
absolute Q values reported by Neppiras can be used to 
broadly rank the suitability of metals for efficient trans- 
mission of ultrasound under angioplasty conditions. 
More particularly, the higher the Q, the more efficiently 
the material transmits ultrasound in accordance with the 
invention. From Table I it therefore appears that two alu- 
minum alloys - duralumin and hiduminium ~ are more 
likely to more efficiently transmit ultrasound than the 
other metals there listed. (The chemical composition of 
hiduminium is very similar to that of aluminum 7075, 
which is readily available in bar form.) 
[0035] Thus, in a preferred embodiment of the 
invention, the high-efficiency ultrasound transmission 
member is constructed of a material having a high 
mechanical Q value, preferably greater than 50,000, 
and most preferably greater than 100,000 as measured 
by the Neppiras method at F/2 and 20 KHz. 
[0036] In accordance with the invention, a material 
having a high Q as measured by the Neppiras method 
at F/2 and 20 KHz will be suitable for use in a high-effi- 
ciency ultrasound transmission member over the entire 
range in frequency of operation of the ultrasound appa- 
ratus according to the invention. 
[0037] Suitable materials of construction for the 
transmission member include aluminum or aluminum- 
based alloys having the desired Q value and which are 
preferably utilized in their annealed or stress-relieved 
state. Indeed, it has been found that aluminum-based 
alloys are the most preferred materials for the ultra- 
sound transmission member of the invention. Persons 
having ordinary skill in the art will be able to select 
appropriate materials of construction in accordance 
with the present disclosure. 

[0038] The act of drawing wire to form the transmis- 
sion member creates imperfections in the metal's poly- 
crystalline structure. These imperfections give the wire 
strength, but they also increase the ultrasonic attenua- 
tion due, it is currently believed, to internal friction and 
hysterisis (the general theory of damping due to these 
imperfections is called "dislocation damping"). It is 
therefore preferred that the wire 220 not be formed by 
drawing thereof but, rather, that the wire 220 and micro- 
tip 210 be formed from a single bar or rod of material 
which is lathed. Whether the wire is drawn, or lathed 
from a bar of material, however, it is most preferred that 
it be heat treated to remove or reduce imperfections in 
the material and increase transmission efficiency. 
[0039] Thus in a preferred embodiment of the 
invention, the aluminum (or other metal) forming the 
wire should be in either its annealed or a stress-relieved 
state. The stress-relieved state is stronger than the 



8 

annealed state but has more imperfections. However, it 
has been found by the inventors that both states work in 
accordance with the present invention. This can be 
achieved by heat treating the wire in a manner known to 
those of ordinary skill in the art of metallurgy. 
[0040] Particularly preferred aluminum-based 
alloys for constructing the transmission member accord- 
ing to the invention are AL-7075, AL-2024 and AL-6061 . 
In this regard, titanium, with a Q of only about 24,000, 
has been found by the inventors to have ultrasound 
attenuation characteristics too great to be satisfactorily 
useful as the material of construction of the transmis- 
sion member in accordance with the present invention. 
[0041] Preferably, the ultrasound transmission 
member comprises a wire having an outside diameter B 
of between approximately 0.8 and 1 .6 millimeters. One 
end of the wire is preferably integral with the microtip 
which flares into a one-half inch diameter termination 
(identified as diameter "A" in FIG. 2) for attachment to 
the ultrasonic generator 100. This flared section is the 
acoustic "concentrator" which achieves the impedance 
match between the wire and the generator. The imped- 
ance match is achieved by controlling the taper of the 
flared section, as is well known in the literature. The par- 
ticular concentrator currently used, the Branson Micro- 
tip, is a "conical sectional concentrator". However, other 
taper profiles can also be used to achieve the imped- 
ance match. The concentrator and the wire are most 
preferably lathed from a single bar of metal so as to 
achieve a good match and to avoid using drawn wire. In 
accordance with the invention, the entire transmission 
member is heat treated to either anneal or stress relieve 
the metal. 

[0042] The shape of the wire tip 230 has a strong 
influence on system performance. In accordance with 
the present invention, it is preferred that the wire tip be 
flat as it has been found by the inventors that a flat tip is 
substantially more effective in destroying plaque than 
when the tip 230 is rounded or of irregular shape as may 
result from cutting of the wire by a conventional wire cut- 
ter or pair of pliers. The peripheral edges of the wire tip 
230 may be smoothed or rounded so as to avoid inad- 
vertent perforation or damage to tissue as the transmis- 
sion member is longitudinally advanced in, for example, 
an artery to the intended internal site. However, at least 
the remainder of the tip - i.e. the face of the wire tip 230 
radially inward of the peripheral edge - should, prefera- 
bly, be flat. It is considered to be within the ability of one 
having ordinary skill in the art to obtain a wire tip 230 
which is flat. 

[0043] Turning now to FIG. 2, a preferred embodi- 
ment of a unitary connection or junction between the 
microtip 210 and the wire 220 is illustrated. In this 
embodiment, the microtip 210 and wire 220 are lathed 
from a single bar or rod of material. The microtip 210 
according to this preferred embodiment is in the basic 
form of a cone followed by an exponential taper 211. It 
is important that the junction between the microtip 210 
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and the wire 220 be constructed to enable the efficient 
transmission of ultrasound energy through the junction. 
While applicants have found a unitary connection 
between the microtip 210 and wire 220 to be preferred, 
and the particular unitary structure illustrated in FIG. 2 
to be highly satisfactory, it is contemplated that other 
forms of joints and joint structures may be employed in 
accordance with the invention. 
[0044] One such alternative structure is illustrated, 
by way of example, in FIG. 3. As there shown, the micro- 
tip 210' includes a bore defined therein and into which 
the proximal end of the wire 220' is inserted. Crushing 
force is then applied to the microtip 210', as indicated by 
the opposing arrows in FIG. 3, to securely retain the end 
of the wire 220' within the bore. In a joint of this type it is 
preferable that the open end of the bore 212'be curved 
or rounded. 

[0045] Alternatively, the bore in the microtip 210' 
may have a slightly smaller diameter than the diameter 
of the wire 220'. Upon heating of the microtip 210', the 
bore will expand and the wire 220' can be inserted 
therein; when the microtip 210* cools, the wire 220' will 
be held firmly in place. 

[0046] FIG. 4 depicts the ultrasound apparatus 
according to the invention adapted for percutaneous 
insertion of the ultrasound transmission member into a 
patient. As shown in FIG. 4, the wire 220 of the ultra- 
sound transmission member is disposed within a cathe- 
ter 300 and positioned for applying ultrasonic energy to 
target tissue 430 via the tip 230. 
[0047] In this preferred embodiment, the high-effi- 
ciency ultrasonic transmission member 200 and cathe- 
ter 300, together, are adapted for percutaneous 
insertion into a patient. In this regard, the wire 220 is 
located within the inner diameter of the catheter 300 
and is longitudinally relatively slidable therewithin back 
and forth along the length of the catheter 300 between 
a retracted position for insertion and an extended posi- 
tion for operative use. 

[0048] In the retracted position, the tip 230 of the 
wire 220 is either flush with or withdrawn inside the tip 
310 of the catheter 300 to avoid puncturing or otherwise 
damaging the patient's artery and tissue during percuta- 
neous insertion. 

[0049] In the extended position, the tip 230 of the 
wire 200 is extended several millimeters out past the tip 
310 of the catheter 300. 

[0050] Preferably, the relative position of the tip 230 
of wire 220 with respect to the tip 310 of catheter 300 is 
indicated by markings at least at or about the proximal 
end of wire 220 - that end of the wire closest to the 
microtip 210. 

[0051] The sheath or catheter 300 may be of any 
appropriate known form. For use in a percutaneous 
insertion technique, the catheter 300 may preferably be 
constructed in full or part of a material exhibiting rela- 
tively little resistance to passage through the circulatory 
system of the patient and suitably compatible with 



blood. Preferably, the catheter 300 is constructed of pol- 
yethylene or polyurethane. Most preferably, the catheter 
300 is constructed of or coated with polytetraflouroeth- 
ylene (Teflon). 

5 [0052] It is further contemplated that the catheter 
300 employed in the apparatus according to the inven- 
tion may optionally include an irrigation channel or 
space between the wire 220 and the inside diameter of 
the catheter for contrast media injections and/or lubrica- 
te tion of the wire 220. It is also contemplated that an intra- 
vascular anchoring balloon to assist in holding the wire 
220 in place during use may be incorporated at or near 
the tip 310 of catheter 300. In this regard, a three-foil 
balloon that will not appreciably obstruct blood flow is 
15 preferred. 

[0053] The operation of the ultrasound apparatus 
according to the invention will now be described. 
[0054] Referring once again to FIG. 4, the catheter 
300 is inserted into the patient using a standard percu- 

20 taneous insertion technique well known in the art. The 
wire 220 is then inserted into the catheter 300 and 
advanced until the wire tip 230 is within several millime- 
ters of the catheter tip 310. Once the catheter tip 310 is 
positioned close to the obstruction or target tissue 430 

25 in the patient's artery 420, the wire is advanced to 
extend the wire tip 230 several millimeters beyond the 
tip 310 of the catheter 300. Once so positioned, ultra- 
sonic energy, preferably pulsed ultrasound, is applied 
via the tip 230 to the obstruction or target tissue 430 at 

30 an intensity and for a duration sufficient to substantially 
break up the target tissue 430 and recanalize the 
patient's artery to restore good blood flow therethrough. 
[0055] Additionally, it is contemplated that the appa- 
ratus according to the invention be used to generate 

35 ultrasound contrast medium in situ for ultrasound echo 
imaging to monitor the progress and success of the 
ultrasound treatment in breaking up the target tissue 
430. In this regard, during transmission of ultrasound 
energy, ultrasonic vibrations at the tip 230 of the ultra- 

40 sound transmission member 200 generate microbub- 
bles in the patient's bloodstream. These microbubbles 
are visualized by conventional ultrasound echo imaging 
systems wherein the microbubbles appear as a contrast 
medium. Those skilled in the art will recognize and 

45 appreciate the significant advantages realized in this 
manner by obviating any need to inject, as is conven- 
tional, a separate contrast medium into the bloodstream 
of the patient for imaging. 

[0056] Following treatment of the target tissue 430, 
so the ultrasound apparatus is withdrawn. 

[0057] The following examples will further illustrate, 
by way of example, the invention. 



55 



Methods 

Ultrasonic angioplasty catheter 

[0058] The apparatus employed for the following 
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experiments comprised a flexible ultrasonic transmis- 
sion wire housed in a No. 5F Teflon sheath wherein the 
wire was freely advanceable and retractable. Markings 
on the wire indicated its position relative to the sheath. 
The proximal end of the wire was attached to the ultra- 
sonic power source (Branson Sonifier, Model B250) 
which was capable of generating 20khz pulsed or con- 
tinuous ultrasound; the front panel settings of the Soni- 
fier were set at 30% duty cycle with a power setting of 1 
to 2 for all experiments. Wire diameters of 1 .0 mm and 
1.6 mm and lengths of 12.5 cm, 25 cm, and 37.5 cm 
were employed. 

Testing in vitro 

[0059] Atherosclerotic plaque disruption: 31 aortic 
sections were removed from individuals who underwent 
postmortem examination within 24 hours of death and 
stored for less than 24 hours in 0.9% saline solution at a 
temperature of 4 degrees centigrade. The segments 
represented the full spectrum of gross appearance from 
normal through soft raised atherosclerotic lesions to 
complex lesions. The tip of the ultrasonic catheter ~ i.e. 
the ultrasonic energy-carrying wire - was placed in 
direct contact with each of 25 sections containing 
atherosclerotic plaques. Power was applied while the 
wire tip was swept over the entire area of the plaque 
until gross observation indicated that the plaque had 
either been entirely removed or had ceased to decrease 
in size. During application of ultrasound, the contact 
area was continuously irrigated with saline solution. 
Runoff was collected and examined microscopically 
using polarized light and contrast phase microscopy. Six 
healthy human aortic sections were exposed to ultra- 
sound for 120 to 240 seconds. 
[0060] All aortic segments exposed to ultrasound 
were placed in 10% neutral formalin. After fixation, two 
millimeter thick serial cross-sections of the aortic wall 
were embedded in paraffin and five micron thick sec- 
tions were stained with eosin and hematoxylin, or with 
elastin. 

[0061] Ultrasonic thrombolysis: Thrombus was 
formed by allowing 2.5 ml blood to stand for 4 to 6 hours 
in a test tube. 5 control and 5 test thrombi were studied. 
The wire tip was brought into contact with the thrombus 
and slight pressure was applied to penetrate the sur- 
face. In the test group, ultrasonic power was then 
applied for 20 to 30 seconds, during which time the wire 
was advanced through the thrombus 2 to 3 times. In the 
control group, no power was applied while the wire was 
advanced through the thrombus 2 to 3 times. Each 
thrombus, both control and test, was then centrifuged 
for 3 minutes at 2000 rpm and the liquid supernatant 
was separated from the residual solid thrombus. Throm- 
bus was weighed before and after treatment. The liquid 
supernatant was microscopically examined. 



Thrombus generation in vivo 

[0062] 1 1 mongrel dogs weighing 20 to 35 kg were 
studied. The dogs were divided into two groups on the 
5 basis of the monitoring equipment used: 4 dogs were 
hemodynamically monitored, while 7 dogs were studied 
angiographically. 

[0063] Hemodynamically monitored group: General 
anesthesia was induced by phenobarbital. After surgical 

w exposure of both femoral arteries, direct pressure trac- 
ings were obtained from each artery distal to the site of 
intended occlusion. Thrombus warn generated. The 
right femoral artery warn used as test; a 3 to 4 cm length 
of intimal injury was achieved by balloon de-endothiliza- 

15 tion and crushing with forceps. The proximal and distal 
ends of the injured segment were then temporarily 
ligated and thrombin was injected into the occluded 
segment. The trapped blood was allowed to clot for 90 
to 120 minutes. The ties were then released and vessel 

20 occlusion was ascertained by reduced pulse pressure 
amplitude in the tracing. The left femoral artery was left 
unoccluded as a control. 

[0064] Angiography group: 1 1 femoral arteries - 7 
test and 4 control - were occluded as described above. 

25 After ligation, stainless steel needles were inserted into 
the surrounding tissue at the ligation sites to serve as 
vascular markers that defined the extent of endothelial 
injury and occlusion during catheterization. After the 
ties were released, vessel occlusion was ascertained by 

30 hand injections of contrast material with 35 mm cine 
filming. 

Ultrasonic thrombolysis protocol in vivo 

35 [0065] Angiography group: After occlusion was ver- 
ified angiographically, the ultrasonic angioplasty wire 
was introduced into the exposed femoral artery, approx- 
imately 1 5 to 20 cm distal to the occlusion. The wire was 
advanced to the site of occlusion and then forced 1-2 

40 cm past the first vascular marker. Pulsed ultrasound 
was then applied for 2 minutes, during which time the 
wire tip was passed between the vascular markers 1 to 
2 times. Ultrasound was applied only while the tip was 
between the two vascular markers. After application of 

45 ultrasound, recanalization was ascertained through 
injection of contrast media. In the control arteries, 
mechanical bridging of the occlusion was attempted. 
The wire tip, with ultrasonic power turned off, was 
advanced into the site of occlusion and remained there 

so for 2 minutes, during which time it was passed back and 
forth between the vascular markers 1 to 2 times. Angio- 
graphic study was then repeated. Ultrasonic transmis- 
sion wire diameter was 1.0 mm in one test vessel and 
one control vessel; all other experiments were con- 

55 ducted with 1 .6 mm diameter wire. All cineangiograms 
were judged by two reviewers and were classified as: 

1. total recanalization - restoration of > 75% of 
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lumen diameter; 

2. successful recanalization - reduction of obstruc- 
tion by more than 25%; or 

3. unsuccessful recanalization - no change from 
baseline. 

[0066] Hemodynamic group: Once obstruction was 
verified by blood pressure tracing, introduction of the 
ultrasonic angioplasty wire into the femoral artery was 
performed as above. Mechanical bridging was 
attempted on the occluded right artery. The wire tip, with 
the ultrasonic power to the wire turned off, was 
advanced into the site of occlusion and remained there 
for 2 minutes, during which time it was passed back and 
forth between the vascular markers 1 to 2 times. The 
wire was withdrawn and blood pressure tracing 
recorded. The wire was then readvanced into the site 
and pulsed ultrasound applied for 1 minute. The wire 
was withdrawn and blood pressure tracing was 
recorded. The ultrasound application cycle was then 
repeated. 

[0067] Successful recanalization in the test artery 
was defined as a restoration of blood pressure to 50% 
of blood pressure in the control artery. 
[0068] In both groups, the animal was sacrificed 
immediately. Test and control arterial segments were 
removed and placed in 10% neutral formalin. After fixa- 
tion, two millimeter thick serial cross-sections of the 
arterial wall were embedded in paraffin and five micron 
thick sections were stained with eosin and hematoxylin. 

Results 

In vitro ultrasonic plaque disruption 

[0069] 25 atherosclerotic plaques were exposed to 
the ultrasonic angioplasty catheter. On gross observa- 
tion, the plaque-bearing specimens showed dissolution 
of plaque with either total removal of plaque or crater 
formation within the plaque. There was variation in the 
rate at which plaques were disrupted. Soft fatty plaques 
dissolved most rapidly, while heavily calcified plaques 
were the most resistant to ultrasonic disruption. No 
gross damage was observed to healthy or normal tissue 
either underlying or adjacent to the plaque. Histological 
examination of sections showed no recognizable 
atherosclerotic plaque structure remaining. Residual 
plaque material was noted. The cellular architecture in 
the tissue adjacent to the area of ultrasound application 
remained intact. Runoff analysis showed the debris to 
be mainly cholesterol crystals and necrotic tissue rem- 
nants. The cholesterol crystals ranged in size from 10 to 
80 microns in diameter; 90% of the crystals were less 
than 1 0 microns. Tissue remnants ranged in size from 
50 to several hundred microns in diameter. Histological 
examination of the six healthy segments exposed to 
ultrasound showed no damage to the media or adventi- 
tia. 



In vitro ultrasonic thrombolysis 

[0070] Thrombolysis by the ultrasonic angioplasty 
catheter reduced solid thrombus weight from 1.56 ± 

5 0.1 5 gr (± 1 S.D.) to 0.35 ± 0.08 gr, while solid thrombus 
weight in the control group was reduced from 1 .50 ± 
0.09 gr to 1.26 ± 0.12 gr; average percent reduction in 
the test group was 76.9 ± 5.1% as compared to 15.8 ± 
5.8% in the control group (p < 0.0001, n=5, students t 

w test). Microscopic examination of the liquid supernatant 
showed 1 to 5 fibrin fragments per high power field. No 
re-coagulation of the liquid supernatant was noted after 
60 minutes. 

15 In vivo thrombolysis 

[0071] 

Angiography group: Ultrasonic thrombolysis was 

20 attempted on test vessels with complete (n=4) or 
subtotal (n=3) occlusions. An additional 4 occluded 
vessels with complete (n=1 ) or subtotal (n=3) occlu- 
sion served as control. According to the recanaliza- 
tion criteria, 7 out of 7 test vessels were totally 

25 recanalized using the ultrasonic angioplasty cathe- 
ter. Attempted bridging of thrombotic occlusions via 
mechanical penetration in 5 control vessels 
achieved total recanalization in no vessels, and 
successful recanalization in 1 vessel. 1 control ves- 

30 sel was mechanically perforated during attempted 
bridging. In the successfully mechanically recanal- 
ized vessel, a second channel through the partially 
occlusive thrombus was created by mechanical 
penetration; this channel decreased the obstruction 

35 by 30% to 40%. 

Hemodynamic ally monitored group: In 3 of 4 test 
arteries successful recanalization was achieved 
after application of ultrasound, according to reca- 
nalization criterion. 

40 

Histology 

[0072] Histological studies were carried out on 7 of 
the canine test arterial segments exposed to ultrasound 

45 in vivo and on 4 control canine arterial segments. In all 
sections examined, both test and control, damage to the 
intima and media was observed, while the adventitia 
appeared undamaged. Sections exposed to ultrasound 
did not show any greater histological damage than did 

so the control sections. Intraluminal thrombi were present 
in all segments; test and control showed no difference in 
the extent of intraluminal thrombosis. 
[0073] The ultrasonic angioplasty catheter accord- 
ing to the invention has proven to effectively induce 

55 thrombolysis. In vivo, the ultrasonic angioplasty catheter 
achieved total angiographic recanalization in 7 of 7 par- 
tially or completely thrombotically occluded canine fem- 
oral arterial segments. Furthermore, hemodynamic 
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monitoring in an additional 4 dogs has shown ultrasonic 
angioplasty catheter to restore blood pressure in 3 out 
of 4 thrombotically occluded femoral arteries. Attempts 
to recanalize by purely mechanical penetration of 
thrombotic occlusion (using the wire with no ultrasonic 
power applied thereto) were unsuccessful, indicating 
that recanalization was primarily due to the effect of the 
ultrasound and not due to the mechanical penetration of 
the wire into the thrombus. Histologic studies showed 
intimal and medial damage in both the test and control 
canine arteries; there was no adventitial damage. That 
the test sections exposed to ultrasound showed no 
more damage than the control sections indicates that 
the intimal and medial damage observed may have 
been due to the injury caused by de-endolithization and 
crushing with forceps to induce thrombosis. In vitro, 
thrombolysis induced by the ultrasonic angioplasty 
catheter produced abundant fibrin fragments in the liqui- 
fied portion of the thrombus, while reducing solid throm- 
bus weight by 77% on average. The ultrasonic 
angioplasty catheter of the invention thus achieved 
effective in vivo thrombolysis with minimal damage to 
adjacent vascular tissue, presumably through selective 
destruction of the fibrin matrix in the thrombus. 
[0074] The ultrasonic angioplasty catheter effec- 
tively disrupted 25 human atherosclerotic plaques. Fatty 
plaques were found to be the most sensitive to ultra- 
sonic destruction, while heavily calcified plaques were 
the most resistant. Gross inspection as well as micro- 
scopic examination did not reveal damage to the vascu- 
lar tissue underneath or adjacent to the area of 
exposure. Long exposures of healthy arterial wall seg- 
ments to the ultrasonic angioplasty catheter of the 
invention did not produce histological damage. 
[0075] The ultrasonic apparatus according to the 
invention destroys both plaques and thrombi while leav- 
ing healthy vascular tissue undamaged. Experience 
indicates that this selective destruction makes it user- 
friendly; there is no need for highly precise application 
of power since misdirection of the ultrasonic energy car- 
rying wire does not result in damage to the healthy arte- 
rial wall. The potential advantage that ultrasonic 
angioplasty offers over alternative systems is that ultra- 
sound exploits the inherent physical difference between 
the healthy arterial wall and the obstructive plaque- 
thrombus complex, allowing for selective destruction of 
only the luminal obstruction with no damage to the 
mechanical integrity of the vessel. 
[0076] It should of course be understood that the 
foregoing examples are presented solely by way of 
example to illustrate the operation, use and advanta- 
geous benefits realizable in accordance with the 
present invention, and are not intended to serve as a 
limitation, either express or implied, on the apparatus or 
the method(s) of, or as to the scope of protection to be 
accorded, the invention. Thus, while there have been 
shown and described and pointed out fundamental 
novel features of the invention as applied to preferred 



embodiments thereof, it will be recognized and must be 
understood that various omissions and substitutions 
and changes in the form and details of the devices illus- 
trated, and in their use and operation, may be made by 
5 those skilled in the art without departing from the spirit 
of the invention. It is the intention, therefore, to be lim- 
ited only as indicated by the scope of the claims 
appended hereto. 

10 Claims 

1. An ultrasonic system comprising an ultrasonic 
power generator including a horn, a high efficiency 
ultrasonic transmission wire connected to said 
15 horn, wherein said high efficiency ultrasonic trans- 
mission wire is formed from a material having a 
mechanical quality factor Q, measured at half the 
fatigue stress and at 20 KHz, greater than 50.000. 

20 2. A method for testing ultrasonic angioplasty in vitro 
using an ultrasonic system as set forth in claim 1 , 
which comprises the steps of inserting the high effi- 
ciency ultrasonic transmission wire into a blood 
vessel section to be treated and then applying ultra- 

25 sonic energy via the high efficiency ultrasonic trans- 
mission wire to an occlusion in the blood vessel 
section for a duration and intensity effective for 
breaking up the occlusion and restoring good blood 
flow. 

30 

3. The method of claim 2, wherein the long flexible 
transmission wire has a length that is in the range of 
12,5 to 125 centimeters. 

35 4. A high efficiency ultrasound transmission member 
comprising a wire which is formed from a material 
having a mechanical quality factor Q, measured at 
half the fatigue stress and at 20 KHz, greater than 
50.000 and connecting means for connecting the 

40 wire to the horn of an ultrasound generator. 

5. The high effeciency ultrasound transmission mem- 
ber of claim 4, wherein the horn comprises a micro- 
tip and wherein the wire includes a flared end which 

45 is integral with the free end of said microtip. 

6. The high efficiency ultrasound transmission mem- 
ber of claim 5 wherein the wire has an outside 
diameter of 0,8 to 1 ,6 millimeters which increases 

so to about one-half inch in diameter at the flared end 
of the wire. 

7. The high efficiency ultrasound transmission mem- 
ber of claim 4, wherein the wire has a free end sur- 

55 face which is flat at least on a face thereof which is 
radially inward of its outer periphery. 

8. The high efficiency ultrasound transmission mem- 
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ber of claim 6, wherein the wire has a free end sur- 
face which is flat at least on a face thereof which is 
radially inward of its outer periphery. 

9. A high efficiency ultrasound transmission wire that 
has been machined from a bar of material and is 
formed from a material having a mechanical quality 
factor Q, measured at half the fatigue stress and at 
20 KHz, greater than 50.000, and a microtip of a 
horn connected to one end of said wire for transfer- 
ring ultrasound thereto. 

10. The ultrasound transmission wire of claim 9, 
wherein said wire and said microtip are machined 
as an integral assemblage from said bar of mate- 
rial. 

11. The high efficiency ultrasound transmission wire of 
claim 9, which includes an end including a flat sur- 
face. 

12. The high efficiency ultrasound transmission wire of 
claim 1 1 , wherein said flat surface is surrounded by 
a peripheral portion that is rounded to reduce the 
likelihood of said wire perforating surrounding tis- 
sue. 

13. The ultrasound transmission wire of claim 10, 
wherein the microtip at its end adjacent said wire is 
of substantially greater diameter than is said wire, 
and the transition from said end of said microtip to 
said wire is gradual. 

14. The ultrasound transmission wire of claim 13, 
wherein said gradual transition is exponentially 
tapered. 

15. The ultrasound transmission system of claim 1, 
wherein said material from which said wire is 
formed is an aluminium based alloy. 

16. The ultrasound transmission system of claim 15, 
wherein said aluminum based alloy is taken from 
the group consisting of duralumin, hiduminium, AL- 
7075, AL-6061 and AL-2024. 



a) an ultrasonic power generator (100) for gen- 
erating ultrasonic energy, said ultrasonic power 
generator including: 

5 (i) an ultrasonic frequency electric wave 

generator (110), (ii) a transducer-converter 
(120) for converting said ultrasonic fre- 
quency electric wave to an ultrasonic fre- 
quency mechanical wave, and 

10 (Hi) a horn for altering a wave form of said 

ultrasonic frequency mechanical wave pro- 
duced by said transducer-converter and for 
emitting said ultrasonic frequency 
mechanical wave from said ultrasonic 

15 power generator, 

b) an ultrasonic transmission wire having a 
proximal end connected to said horn and a dis- 
tal end remote therefrom, said transmission 

20 wire being disposable within said human body 

lumen with said distal end adjacent said 
obstruction for transmitting ultrasonic mechani- 
cal energy from the horn of said ultrasonic gen- 
erator to said obstruction without substantially 

25 altering the ultrasonic wave form applied to the 

proximal end thereof, to thereby reduce the 
size of said obstruction at said distal end, 

c) said transmission wire being made of a 
30 material having a mechanical quality factor Q, 

measured at half the fatigue stress and at 20 
KHz, of not less than 50.000, whereby to permit 
the efficient transmission of ultrasonic energy 
through said transmission wire and to prevent 
35 said transmission wire when disposed in said 

lumen from heating up during the transmission 
of said ultrasonic energy to an extent that 
would injure said anatomical wall defining said 
lumen and any body fluid within said lumen. 

40 

20. The ultrasonic device of claim 19, wherein said 
human body lumen is a blood vessel. 

21. The ultrasonic device of claim 20, wherein said 
45 blood vessel is an artery. 



17. The ultrasound transmission member of claim 4, 
wherein said wire forming material is an aluminum 
based alloy. 

18. The ultrasound transmission member of claim 17, 
wherein said aluminum based alloy is taken from 
the group consisting of duralumin, hiduminium, AL- 
7075, AL-6061, and AL-2024. 

19. An ultrasonic device for reducing an obstruction in a 
human body lumen defined by an anatomical wall, 
said device comprising: 



Patentanspruche 

1. Ultraschallsystem mit einem Ultraschallgenerator 
so mit einem Trichter, einem mit dem Trichter verbun- 

denen Ultraschallubertragungsdraht mit hohem 
Wirkungsgrad, wobei der hoch effiziente Ultra- 
schallubertragungsdraht aus einem Material mit 
einem bei halber Ermudungsbeanspruchung und 
55 bei 20 kHz gemessenen mechanischen Gutefaktor 
Q uber 50000 ausgebildet ist. 

2. Verfahren zum Prufen der Ultraschallangioplastie in 
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vitro unter Verwendung eines Ultraschallsystems 
nach Anspruch 1 , das die folgenden Schritte auf- 
weist: Einfuhren des hoch effizienten Ultraschall- 
ubertragungsdrahts in einen zu behandelnden 
BlutgefaGbereich und anschlieGendes Zufuhren 5 
von Ultraschallenergie uber den hoch effizienten 
Ultraschallubertragungsdraht auf eine Okkiusion im 
BlutgefaGbereich mit einer Dauer und Intensitat, die 
zum Aufbrechen der Okkiusion und Wiederherstel- 
len eines guten Blutflusses wirksam sind. 10 

3. Verfahren nach Anspruch 2, wobei der lange flexi- 
ble Ubertragungsdraht eine Lange hat, die im 
Bereich von 12,5 bis 125 Zentimetern liegt. 

15 

4. Hoch effizienter Ultraschallubertragungsteil mit 
einem Draht, der aus einem Material mit einem bei 
halber Ermudungsbeanspruchung und bei 20 kHz 
gemessenen mechanischen Gutefaktor Q uber 
50000 ausgebildet ist, und einer Verbindungs- 20 
einrichtung zum Verbinden des Drahts mit dem 
Trichter eines Ultraschallgenerators. 

5. Hoch effizienter Ultraschallubertragungsteil nach 
Anspruch 4, wobei der Trichter eine Mikrospitze 25 
aufweist und wobei der Draht uber ein aufgeweite- 

tes Ende verfugt, das mit dem freien Ende der 
Mikrospitze einstuckig ist. 

6. Hoch effizienter Ultraschallubertragungsteil nach 30 
Anspruch 5, wobei der Draht einen AuGendurch- 
messer von 0,8 bis 1 ,6 Millimetern hat, der sich am 
aufgeweiteten Ende des Drahts auf einen Durch- 
messer von etwa einem halben Inch erhoht. 

35 

7. Hoch effizienter Ultraschallubertragungsteil nach 
Anspruch 4, wobei der Draht eine freie Endoberfla- 
che hat, die mindestens an einer Flache davon 
flach ist, die von ihrem AuGenumfang radial ein- 
warts liegt. *o 

8. Hoch effizienter Ultraschallubertragungsteil nach 
Anspruch 6, wobei der Draht eine freie Endoberfla- 
che hat, die mindestens an einer Flache davon 
flach ist, die von ihrem AuGenumfang radial ein- 45 
warts liegt. 

9. Hoch effizienter Ultraschallubertragungsdraht, der 
aus einem Materialstab maschinell hergestellt 
wurde und aus einem Material mit einem bei halber 50 
Ermudungsbeanspruchung und bei 20 kHz 
gemessenen mechanischen Gutefaktor Q uber 
50000 ausgebildet ist, und mit einer Mikrospitze 
eines Trichters, die mit einem Ende des Drahts zum 
Ubertragen von Ultraschall zu diesem verbunden 55 
ist. 

10. Ultraschallubertragungsdraht nach Anspruch 9, 



wobei der Draht und die Mikrospitze als einstucki- 
ger Aufbau aus dem Materialstab maschinell her- 
gestellt sind. 

11. Hoch effizienter Ultraschallubertragungsdraht nach 
Anspruch 9, der ein Ende mit einer flachen Oberfla- 
che aufweist. 

12. Hoch effizienter Ultraschallubertragungsdraht nach 
Anspruch 11, wobei die flache Oberflache von 
einem Umfangsabschnitt umgeben ist, der abge- 
rundet ist, urn die Moglichkeit zu reduzieren, daG 
der Draht umgebendes Gewebe perforiert. 

13. Ultraschallubertragungsdraht nach Anspruch 10, 
wobei die Mikrospitze an ihrem zum Draht benach- 
barten Ende einen wesentlich groGeren Durchmes- 
ser als der Draht hat und der Ubergang vom Ende 
der Mikrospitze zum Draht stetig ist. 

14. Ultraschallubertragungsdraht nach Anspruch 13, 
wobei der stetige Ubergang exponentiell verjungt 
ist. 

15. Ultraschallubertragungssystem nach Anspruch 1, 
wobei das Material, aus dem der Draht ausgebildet 
ist, eine Legierung auf Aluminiumbasis ist. 

16. Ultraschallubertragungssystem nach Anspruch 15, 
wobei die Legierung auf Aluminiumbasis aus der 
Gruppe ausgewahlt ist, die aus Duralumin, Hidu- 
min, AL-7075, AL-6061 und AL-2024 besteht. 

17. Ultraschallubertragungsteil nach Anspruch 4, 
wobei das Material zum Ausbilden des Drahts eine 
Legierung auf Aluminiumbasis ist. 

18. Ultraschallubertragungsteil nach Anspruch 17, 
wobei die Legierung auf Aluminiumbasis aus der 
Gruppe ausgewahlt ist, die aus Duralumin, Hidu- 
min, AL-7075, AL-6061 und AL-2024 besteht. 

19. Ultraschallvorrichtung zum Reduzieren einer 
Obstruktion in einem durch eine anatomische 
Wand gebildeten menschlichen Korperlumen, 
wobei die Vorrichtung aufweist: 

a) einen Ultraschallgenerator (100) zum Erzeu- 
gen von Ultraschallenergie, wobei der Ultra- 
schallgenerator aufweist: 

(i) einen elektrischen Ultraschallfrequenz- 
wellengenerator (110), 

(ii) einen Wandler (120) zum Umwandeln 
der elektrischen Ultraschallfrequenzwelle 
in eine mechanische Ultraschallfrequenz- 
welle, und 

(iii) einen Trichter zum Andern einer Wei- 
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lenform der durch den Wandler erzeugten 
mechanischen Ultraschallfrequenzwelle 
und zum Abstrahlen der mechanischen 
Ultraschallfrequenzwelle vom Ultraschall- 
generator, 5 



3. 



b) einen Ultraschallubertragungsdraht mit 
einem mit dem Trichter verbundenen proxima- 

len Ende und einem davon entfernten distalen 4. 
Ende, wobei der Ubertragungsdraht innerhalb 10 
des menschlichen Korperlumens mit dem 
distalen Ende benachbart zur Obstruktion zum 
Ubertragen von mechanischer Ultraschallener- 
gie vom Trichter des Ultraschallgenerators zur 
Obstruktion angeordnet sein kann, ohne 15 
wesentlich die an seinem proximalen Ende 5. 
anliegende Ultraschallwellenform zu andern, 
urn dadurch die GroBe der Obstruktion am 
distalen Ende zu reduzieren, 

c) wobei der Ubertragungsdraht aus einem 20 
Material mit einem bei halber Ermudungsbean- 
spruchung und bei 20 kHz gemessenen 6. 
mechanischen Gutefaktor Q von mindestens 
50000 ausgebildet ist, urn dadurch die wirk- 

same Ubertragung von Ultraschallenergie 25 
durch den Ubertragungsdraht zu ermoglichen 
und zu verhindern, daB sich der Ubertragungs- 
draht bei Anordnung im Lumen wahrend der 7. 
Obertragung der Ultraschallenergie in einem 
MaB erwarmt, das die das Lumen bildende 30 
anatomische Wand und etwaige Korperflussig- 
keit innerhalb des Lumens verletzen wiirde. 



section du vaisseau sanguin durant une periode et 
a une intensite efficaces pour detruire I'occlusion et 
retablir une bonne circulation du sang. 

Le procedS de la revendication 2, le long fil flexible 
de transmission ayant une longueur se trouvant 
entre 12,5 a 125 centimetres. 

Un Element de transmission d'ultrason a efficacite 
eleve comprenant un fil qui est forme a partir d'un 
materiau ayant un facteur de qualite mecanique Q 
mesure a la moitie des efforts de fatigue et a 20 kHz 
de plus de 50.000 et des moyens de jonction pour 
relier le fi! au cornet d'un g6nerateur d'ultrason. 

L'6lement de transmission d'ultrason a efficacite 
6leve de la revendication 4, le cornet comprenant 
une pointe micro et le fil comprenant une extremite 
evas6 etant integral avec I'extremite libre de ladite 
pointe micro. 

L'§lement de transmission d'ultrason a efficacite 
eleve de la revendication 5, le fil ayant un diametre 
exterieur de 0,8 a 1,6 millimetres augmentant a 
environ 1 ,27 centimetres de diametre a I'extremite 
detortille du fil. 

L'eiement de transmission d'ultrason a efficacite 
eieve de la revendication 4, le fil ayant une surface 
de I'extremite libre etant plat au moins sur une face 
duquel etant situe radialement vers I'interieur en 
relation de sa periphSrie exterieure. 



20. Ultraschallvorrichtung nach Anspruch 19, wobei 
das menschliche Korperlumen ein BlutgefaB ist. 

21. Ultraschallvorrichtung nach Anspruch 20, wobei 
das BlutgefaB eine Arterie ist. 

Revendications 

1 . Un systeme ultrasonore comprenant un gene>ateur 
de production d'energie ultrasonore comprenant un 
cornet, un fil de transmission ultrasonore a effica- 
cite eleve relie audit cornet, ledit fil de transmission 
ultrasonore a efficacite eleve etant forme a partir 
d'un materiau ayant un facteur de qualite mecani- 
que Q mesure a la moitie des efforts de fatigue et a 
20 kHz de plus de 50.000. 

2. Procede de mettre a repreuve in vitro d'angioplasty 
ultrasonore utilisant un systeme ultrasonore 
comme mentionne dans la revendication 1, com- 
prenant les etapes d'ins6rer le fil de transmission 
ultrasonore a efficacite eleve dans une section du 
vaisseau sanguin a etre traite et puis d'appliquer de 
renergie ultrasonore via le fil de transmission ultra- 
sonore a efficacite eieve a une occlusion dans la 



8. L'eiement de transmission d'ultrason a efficacite 
35 eieve de la revendication 6, le fil ayant une surface 
de I'extremite libre etant plat au moins sur une face 
duquel etant situe radialement vers I'interieur en 
relation de sa peripherie exterieure. 

40 9. Un fil de transmission d'ultrason a efficacite eieve 
usine a partir d'un baton de materiau ayant un fac- 
teur de qualite mecanique Q mesure a la moitie des 
efforts de fatigue et a 20 kHz de plus de 50.000, et 
une pointe micro d'un cornet relie a une extr6mite 
45 dudit fil pour transferer I'ultrason la dedans. 

10. Le fil de transmission d'ultrason de la revendication 
9, ledit fil et ladite pointe micro etant usin6s comme 
une assembiee integrale dudit baton de materiau. 

50 

11. Le fil de transmission d'ultrason a efficacite eieve 
de la revendication 9, comprenant une extremite 
comprenant une surface plate. 

55 12. Le fil de transmission d'ultrason a efficacite eieve 
de la revendication 11, ladite surface plate etant 
entouree d'une portion p6riph6rique qui est arron- 
die afin de reduire la vraisemblance dudit fil de per- 



40 9. 



45 



50 
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forer du tissu environnant. 

13. Le fil de transmission d'ultrason de la revendication 
10, la pointe micro a son extremite adjacente audit 

fil a un diametre substantiellement plus grand que 5 
ledit fil, et la transition de ladite extremite de ladite 
pointe audit fil est graduelle. 

14. Le fil de transmission d'ultrason de la revendication 

1 3, ladite transition progressive etant exponentielle- w 
ment diminuee. 

15. Le systeme de transmission d'ultrason de la reven- 
dication 1 , ledit materiau duquel ledit fil est forme 
etant un alliage sur base d'aluminium. is 

16. Le systeme de transmission d'ultrason de fa reven- 
dication 15, ledit alliage sur base d'aluminium etant 
pris du groupe consistant de duralumin, hidumi- 
nium, AL-7075, AL-6061 et AL-2024. 20 

17. L'etement de transmission d'ultrason de la revendi- 
cation 4, ledit materiau formant le fil etant un alliage 
sur base d'aluminium. 

25 

18. L'element de transmission d'ultrason de la revendi- 
cation 17, ledit alliage sur base d'aluminium est pris 
du groupe consistant de duralumin, hiduminium, 
AL-7075, AL-6061 et AL-2024. 

30 

19. Un dispositif uttrasonore pour reduire une obstruc- 
tion dans le lumen du corps humain, defini par une 
paroi anatomique, ledit dispositif comprenant: 
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mit6 distale adjacente a ladite obstruction pour 
transmettre de renergie rctecanique ultraso- 
nore du cornet dudit generateur ultrasonore a 
ladite obstruction sans changer substantielle- 
ment la forme d'onde ultrasonore appliquSe a 
l'extr§mite proximate de celui-ci, pour ainsi 
reduire la dimension de ladite obstruction a 
ladite extremite distale, 

c) ledit fil de transmission etant fait d'un mate- 
riau ayant un facteur de quality mecanique Q 
mesure a la moitie des efforts de fatigue et a 20 
kHz d'au moins 50.000, permettant ainsi la 
transmission efficace d'energie ultrasonore par 
ledit fil de transmission ultrasonore et evitant 
ledit fil de transmission ultrasonore quand il est 
place dans ledit lumen de se chauffer durant la 
transmission de ladite energie ultrasonore a 
une etendue qui irait blesser ladite paroi anato- 
mique definissant ledit lumen et tout fluide cor- 
porel dans ledit lumen. 

20. Le dispositif ultrasonore de la revendication 19, 
ledit lumen du corps humain etant un vaisseau san- 
guin. 

21. Le dispositif ultrasonore de la revendication 20, 
ledit vaisseau sanguin etant une artere. 
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a) un generateur (1 00) de production d'energie 35 
ultrasonore pour produire de renergie ultraso- 
nore, ledit generateur d'energie ultrasonore 
comprenant: 

i) un generateur (HO)d'ondes eiectriques 40 
a frequence ultrasonore 

ii) un transducteur-convertisseur (120) 
pour convenir ladite onde electrique a fre- 
quence ultrasonore dans une onde meca- 
nique a frequence ultrasonore, et 45 

iii) un cornet pour transformer une forme 
d'onde de ladite onde mecanique a fre- 
quence ultrasonore produit par ledit trans- 
ducteur-convertisseur et pour emettre 
ladite onde ntecanique a frequence ultra- so 
sonore dudit generateur de production 
d'energie ultrasonore, 

b) un fil de transmission d'ultrason ayant une 
extremite proximate relie audit cornet et une 55 
extremite distale eloigne" de celui-ci, ledit fil de 
transmission pouvant etre place a I'interieur 
dudit lumen du corps humain avec ladite extre- 



13 



EP 0 353 294 B1 




14 



EP 0 353 294 B1 




EP 0 353 294 B1 




16 



